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Abstract—In this paper, we consider an Unmanned Aerial
Vehicle (UAV)-assisted cellular system which consists of multiple
UAV base stations (BSs) cooperating the terrestrial BSs. In such
a heterogeneous network, for cellular operators, the problem
is how to determine the appropriate number, locations, and
altitudes of UAV-BSs to improve the system sumrate as well as
satisfy the demands of arbitrarily flash crowds on data rates. We
propose a data-driven 3D placement of UAV-BSs for providing
an effective placement result with a feasible computational cost.
The proposed algorithm searches for the appropriate number,
location, coverage, and altitude of each UAV-BS in the serving
area with the maximized system sumrate in polynomial time so
as to guarantee the minimum data rate requirement of UE. The
simulation results show that the proposed approach can improve
system sumrate in comparison with the case without UAV-BSs.
Index Terms—unmanned aerial vehicle, 3D placement, hetero-
geneous network, sumrate, co-channel interference
I. INTRODUCTION
In recent years, Unmanned Aerial Vehicle mounted Base
Stations (UAV-BSs) have become a new promising solution
for providing temporary communication services to recover
the disaster area or to satisfy the sudden demands (hot-
spots) caused by Flash Crowds, which is commonly referred
to as UAV-Assisted Communications [1] [2]. The advantage
of using UAV-BSs is the flexible ability to provide dy-
namic and on-demand communications. The high altitudes of
UAV-BSs enables them to effectively establish line-of-sight
(LoS) communication links and mitigate signal blockage and
shadowing. Accordingly, UAV-BSs become an agile solution
to serve ground users arbitrarily distributed in a terrestrial
infrastructure-less area. Compared to the deployment of tradi-
tional ground base stations (GBSs), deploying UAV-BSs is a
cost-effective and energy-efficient solution which can save a
significant amount of land cost for the cellular operators.
Due to the characteristics of wireless propagation, there
is a relation between the altitude and the optimal coverage
of a UAV-BS, which is modeled in [3]. The authors mod-
eled the air-to-ground (ATG) channel with derivations of the
probabilities of LoS and non-line-of-sight (NLoS) signals and
now their proposed channel model has been widely used
in UAV communications. In consideration of the path loss
constraint and uniform users in different environments, the
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optimal altitude, coverage, and location single deployed UAV-
BS are discussed in [4]. In addition to the single UAV-BS
case, many researchers have focused on the issues of 3D
placement of multiple UAV-BSs. A spiral placement algorithm
was proposed by [5] and it deployed multiple UAV-BSs with
the fixed altitude and transmit power at optimal locations and
minimize the number of deployed UAV-BSs to covered all
users while considering various user densities. However, this
approach only consider the fixed coverage and altitude of UAV-
BS for the placement.
Unfortunately, all the above conventional works only con-
sidered research issues from the perspectives of users and did
not consider the coexistence of ground cellular systems. These
related works also did not consider the arbitrary distribution
of users for flash-crowd events, such as outdoor concerts,
marathons, election campaigns. They only observed the system
performance under some traditional stochastic user distribu-
tion models, such as uniform, Gaussian, and Poisson Point
Process (PPP). Furthermore, most of them did not consider
the coexistence of GBSs, the effects of co-channel inter-
ference, and the sumrate optimization problem. In practice,
there are many challenging open issues for establishing such
a UAV-assisted cellular system. In particular, the managing
mechanisms of placement, resource allocation, power control,
and flight scheduling are the urgent technologies to allow
the deployed UAV-BSs to coexist with the terrestrial cellular
systems. Such a UAV-assisted cellular system will be one
important use case of 5G or beyond 5G networks, which is
capable to serve dynamic traffic demands [6]. The effective
and efficient technologies of UAV-BS placement/management
thereby become popular topics in the communications domain.
Hence, we focus on the dynamic placement of UAV-BSs
over a terrestrial cellular system while improving the system
performance in terms of the sumrate.
In this work, we discuss how to deploy and determine the
appropriate altitude and location of each deployed UAV-BS
to serve ground user equipments (UEs) in consideration of
maximizing the system sumrate. Focusing on the downlink
transmission from the GBS to UEs and from the UAV-BSs
to their corresponding UEs, we propose a data-driven 3D
placement algorithm which solves the considered placement
problem efficiently. The proposed method firstly analyzes
the distribution and density of ground UEs and then finds
the possible candidate placements for clustered UEs. After
that, the proposed method re-tunes the candidate altitude,
location, and coverage of each UAV-BS in the considered
area for maximizing the system sumrate with the optimization
constraints on the co-channel interference and the allocated
data rate of each UE. The proposed adaptive algorithm can find
an appropriate value of k to deploy UAV-BSs with balanced
serving loads (or served users). The simulation results indicate
that the proposed approach can jointly satisfy the UE demands
and provide a higher the system sumrate in comparison with
the solution without UAV-BSs.
The balance of this paper is organized as follows. In
Section II presents the considered system model, assumptions,
and problem statement. Section III introduces the proposed
data-driven approach and a breakdown of the algorithms.
Simulation results are presented in Section IV. Finally, we
make concluding remarks in Section V.
II. SYSTEM MODEL AND PROBLEM DESCRIPTION
A. System Model
As shown in Fig. 1, we consider a UAV-Assisted cellular
system consisting one GBS, G, and a set of UAV-BSs,
U = {U1, U2, . . . , UK}, in an urban scenario, where K is the
maximum number of available UAV-BSs. The UAV-Assisted
cellular system serves a set of UEs, E = {u1, u2, . . . , uN},
and the total number of UEs is |E| = N . The UAV-BSs can
move in the sky to any position. In this paper, we consider
the downlink transmissions. Each UE only uses the resource of
one BS (GBS or UAV-BS) at a certain time. We assume that all
the UEs are arbitrarily distributed on the ground due to the op-
eration requirements, the terrain limitations, or unpredictable
events. The placement decision of UAV-BSs is controlled by
the edge controller (or controller) behind the GBS. All the
UAV-BS and UEs are equipped with directional antennas to
transmit and receive 4G LTE-A signals in the considered
environments. We assume that the GBS and each UAV-BS
use the same spectrum and provide the same bandwidth B for
the down links in the considered system. The GBS are also
equipped a mmWave directional antenna array using another
dedicated spectrum to provide an additional network volume
for the back-haul communication link between the GBS and
each UAV-BS.
In our work, we focus on the downlink transmissions, and
we introduce the radio propagation models for the downlink
transmissions which consists of following three cases: 1) GBS
to UAV-BS, 2) UAV-BS to UE, and 3) GBS to UE. We now
respectively introduce these cases under the assumption that
the appropriate number of deployed UAV-BSs is k, where 1 ≤
k ≤ K .
1) GBS-to-UAV-BS Propagation Model: In the considered
system model, the GBS uses directional mmWave antennas to
transmit signals to the UAV-BSs. The UAV-BSs fly at relatively
high altitudes, so that the GBS-to-UAV-BS channel will be
the simplest path-loss model using LoS links between the
GBS and UAV-BSs which propagation in free space. Thus,
the received signal power of each UAV-BS Uj will be
Fig. 1. Architecture of the considered UAV-assisted cellular system.
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where PmmWaveG is the fixed transmit power of the mmWave
antenna, gTG is the transmit antenna gain of the GBS, g
R
j is the
receive antenna gain of Uj , c is the speed of light, f
mmWave
c
is the used carrier frequency of the back-haul link, dj,G is
the distance between the GBS and Uj , and j = 1, 2, . . . , k.
According to (1) and the Shannon theorem, the back-haul
capacity of a UAV-BS Uj can be obtained by
Cˆj = B
mmWave
j,G log2
(
1 +
PRj
BmmWavej,G N0
)
, (2)
where BmmWavej,G is the allocated bandwidth (in Hz) of the
mmWave back-haul link for UAV-BS Uj , andN0 is the thermal
noise power spectral density.
2) UAV-BS-to-UE Propagation Model: The second prop-
agation model is used to model the downlink transmission
from a UAV-BS to a UE. Such a radio propagation model
is well-known as the air-to-ground propagation channel and
commonly modeled by considering the LoS and NLoS signals
along with their occurrence probabilities separately [7]. We
adopt the air-to-ground channel model in [3], and the proba-
bilities of LoS and NLoS for a UE ui associated with UAV-BS
Uj are
P
LoS
hj ,ri,j
=
1
1 + a exp
(
−b(
180
pi
tan−1(
hj
ri,j
)− a)
) ,
P
NLoS
hj ,ri,j = 1− P
LoS
hj ,ri,j , (3)
where hj is the altitude of each UAV-BS Uj , a and b are envi-
ronment variables, ri,j is the horizontal euclidean distance be-
tween ui and Uj . Note that ri,j =
√
(xj − xi)2 + (yj − yi)2,
(xj , yj) is the horizontal location of UAV-BS Uj , (xi, yi)
is the horizontal location of UE ui, i = 1, 2, . . . , N , and
j = 1, 2, . . . , k. Considering the free space propagation loss,
the channel model [3] of the LoS and NLoS links can be
written as
L
LoS
hj ,ri,j = 20 log
(
4pifcdi,j
c
)
+ ηLoS,
L
NLoS
hj ,ri,j
= 20 log
(
4pifcdi,j
c
)
+ ηNLoS , (4)
where ηLoS and ηNLoS are the mean additional losses for LoS
and NLoS, fc is the carrier frequency of front-haul link, and
di,j =
√
r2i,j + h
2
j is the euclidean distance between ui and
Uj . According to (3) and (4), and let θi,j = tan
−1 hj
ri,j
, we
can obtain the average ATG channel model between ui and
Uj and it is denoted as
Lhj ,ri,j = P
LoS
hj ,ri,jL
LoS
hj ,ri,j + P
NLoS
hj ,ri,jL
NLoS
hj ,ri,j
=
ηLoS − ηNLoS
1 + a exp
(
−b(
180
pi
tan−1 θi,j − a)
)
+ 20 log(ri,j sec θi,j) + 20 log(
4pifc
c
) + ηNLoS . (5)
Let Pi,j be the minimum required transmit power for trans-
mitting signal from UAV-BS Uj to UE ui, the transmission
is successful if the received signal-to-interference-plus-noise
ratio (SINR) at a UE is larger than a certain threshold γth.
Thus, SINR expression for a UE ui associated with UAV-BS
Uj is
γi,j =
Pi,j(10
Lhj ,ri,j
/10
)−1
IG + IU\{Uj} +Bi,jN0
, (6)
where IG is the received interference power from the GBS
and IU\{Uj} =
∑k
j′=1 Pi,j′ (10
Lhj,ri,j′
/10
)−1ψj,j′ is the in-
terference power from the nearby UAV-BSs if UE ui locates
in the overlapped coverage, where ψj,j′ = 1 if ui locates in
the overlapping coverage area of UAV-BSs Uj and Uj′ , and
Uj′ ∈ U , ∀j′ 6= j; otherwise, ψj,j′ = 0. According to the
Shannon theorem and (6), the allocated data rate (in bps) of
ui associated with Uj will be
ci,j = Bi,jPr{γi,j > γth} log2(1 + γi,j), (7)
where Bi,j is the allocated bandwidth (in Hz) of down-link
connection from UAV-BS Uj to a served UE ui. The transmit
power allocated to ui of interest can be obtained by
Pi,j = 10
Lhj ,ri,j
/10
(IG+ IU\{Uj} +Bi,jN0)(2
ci,j/Bi,j − 1). (8)
Then, the potential total transmit power of UAV Uj for serving
its associated UEs can be calculated as
Pj =
Nj∑
i=1
Pi,j , (9)
where Nj is the number of UEs associated with the UAV-BS
Uj . According to (7), the data transmission rate of the
UAV-BS Uj for serving its associated UEs is
Cj =
Nj∑
i=1
ci,j . (10)
3) GBS-to-UE Propagation Model: For terrestrial wireless
channel between points p1 and p2, we consider a standard
power law path-loss Lp1,p2 = ||p1 − p2||
−α with path-loss
exponent α > 2. All the terrestrial propagation signals are
assumed to experience independent Rayleigh fading. The GBS
are assumed to transmit at fixed power PG for terrestrial
communications. The received power of UE ui served by
the GBS is therefore PGhr
−α
i,G , where h ∼ exp(1) models
Rayleigh fading and ri,G is the horizontal distance between a
UE and the GBS. Since there are k UAV-BSs in the considered
system, the co-channel interference power experienced by a
UE can be expressed as
IU =
k∑
j=1
Pjhr
−α
i,j , (11)
where Pj is the transmit power of UAV-BS Uj and ri,j is the
distance from UE ui to UAV-BS Uj . The SINR expression for
a user ui that can connect to the GBS is
γi,G =
PGhr
−α
i,G
IU +Bi,GN0
, (12)
where IU =
∑
∀Uj∈U
Pj(10
Lhj,ri,j /10)−1 is the total inter-
ference power from the other disassociated UAV-BSs. The
achievable data rate (in bps) of a UE associated with the GBS
can be calculated as
ci,G = Bi,GPr{γi,G > γth} log2(1 + γi,G), (13)
where Bi,G is the allocated bandwidth (in Hz) to ui associate
with the GBS. The potential transmission rate (in bps) of the
GBS can be obtained by [8]
CG =
λG
pir2G
ci,G =
NG∑
i=1
ci,G, (14)
where rG is the coverage radius of the GBS, λG is the UE
density of GBS’s service coverage, ci,G is the average data
rate of a UE associated with the GBS, and NG is the number
of UEs which is associated with the GBS.
B. Problem Formulation
We focus on the case of deploying k UAV-BSs in the target
area to improve the downlink sumrate of the UAV-assisted
cellular system with one GBS. The system model is depicted in
Fig. 1. The considered decision problem of 3d UAV placement
can be defined as follows.
Suppose that the notations and assumptions are defined as
above, the considered problem is to search for the appropriate
placement parameters (xj , yj , hj , rj) of each UAV-BS Uj with
the minimized number of UAV-BSs k, 0 ≤ k ≤ K , such that
max
xj ,yj,hj ,rj
N∑
i=1
ci,Gδi,G +
k∑
j=1
N∑
i=1
ci,jδi,j , (P1)
s.t. rj ≤ rmax(hj), (15)
hmin ≤ hj ≤ hmax, (16)
ci,jδi,j + ci,Gδi,G ≥ cmin, i = 1, 2, . . . , N,
j = 1, 2, . . . , k, (17)
N∑
i=1
ci,Gδi,G ≤ CˆG, (18)
N∑
i=1
ci,jδi,j ≤ Cˆj , j = 1, 2, . . . , k, (19)
N∑
i=1
δi,G +
k∑
j=1
N∑
i=1
δi,j = N. (20)
where two indicator functions δi,j and δi,G are defined as
δi,j =
{
1, if γi,j > γth;
0, otherwise,
(21)
and δi,G = 1−
∑k
j=1 δi,j .
In the considered problem (P1), the maximum coverage of
Uj , rmax(hj), in constraint (15), is determined by hj , and
the relation between the altitude and maximum coverage of
a UAV-BS has been discussed in [3]. In constraint (16), the
deployed altitude hj of each UAV-BS is only allowed within
[hmin, hmax] which depends on the limitations of local laws
and ability of the UAV. We also consider the demands of the
minimum data rate from the cellular operator’s aspect, and
we define an admin parameter cmin for each UAV-BS Uj or
the GBS G to guarantee the minimum allocated date rate of
a UE in constraints (17). Constraint (18) guarantees that the
total downlink transmission rate of the links from the GBS
and its associated UEs do not exceed the maximum ability
of providing data rate CˆG. Constraint (19) is used to make
the total downlink transmission rate of the links from UAV-
BS Uj to its associated UEs do not exceed the maximum
allocated data rate of back-haul link on Uj according to (2).
Constraint (20) makes each UE only be associated with one
UAV-BS or the GBS at a time. The indicator function δi,j
in (21) is used to indicate UE ui is associated with UAV-BS
Uj if the γi,j > γth, where γth is a given SINR threshold.
III. DATA-DRIVEN 3D PLACEMENT OF UAV-BSS
In this section, we proposed a data-driven placement for im-
proving the sumrate performance of the UAV-assisted cellular
system in a more reasonable way, especially for the unpre-
dictable events or flash crowds with arbitrary distributed users.
Algorithm 1 shows the pseudo-code of the proposed placement
procedures. In addition, we describe the notations/variables in
an in-text manner and use some comment texts to help the ease
of understanding. The detailed explanations will be presented
in following subsections.
A. Initialization
As the considered problem (P1), we can know that the
system sumrate mainly depends on Nj =
∑N
i=1 δi,j and
NG = 1−
∑N
i=1 δi,j which are determined by the placement
of UAV-BSs. It is also similar to user association or load
balancing issues of communication systems. The proposed
approach uses the spatial information of UEs, UAV-BSs, and
the GBS to provide an effective placement of UAV-BSs.
Let variable LG = (xG, yG) record the coordinate of the
GBS, a set LE store the locations of UEs, and a set LU
save the locations (coordinates) of UAV-BSs. In the system
initialization stage, the system computes and store the received
power of each UE from the GBS, PRi,G = PGhr
−α
i,G in a set
SG, where 1 ≤ i ≤ N . The distances from the GBS to all UEs
are stored in a set DG. Intuitively, UAV-BSs are used to assist
the GBS, and determine the preliminary association between
the GBS to each UE first. Since the number of deployed
UAV-BSs and locations of deployed UAV-BSs are unknown in
Algorithm 1: Data-Driven 3D Placement of UAV-BSs
Input: dataset of UE locations LE , location of the GBS LG, the maximum
number of UAV-BS K, SINR threshold γth, the channel bandwidth
provided by each UAV and the GBS B, the transmit power of the GBS
PG , the transmit power of a UAV-BS Puav, and the minimum data rate
requirement cmin
Output: association information Lassociation, UAV locations L
cand
uav , and UAV
altitudes Laltitude
1 create a list Lcanduav to store the UAV locations;
2 N ← LE.length;
3 create a list DG to record the distance between the GBS and each UE;
4 create a list SG to save the received power from the GBS on each UE;
5 create a list Lassociation to save the association information of each UE;
6 create a list LSINR to save SINR corresponding to its associated UAV;
7 create a list Lradius to save the candidate coverage radius of each UAV;
8 create a list Laltitude to save the candidate altitude of each UAV;
9 for i = 1 to N do
10 DG[i] ←
√
(LE[i].x− LG.x)2 + (LE[i].y − LG.y)2;
/* h modeles Rayleigh fading and the path-loss
exponent α > 2 */
11 SG[i] ← PGh ∗ (DG[i])
−α;
12 compute SINR γi,G by (12) with the interference IU = 0 (mW);
13 if γi,G > γth then
/* The association value is 0, 1, . . . , k */
14 Lassociation[i] ← 0;
15 end
16 end
17 get NG by checking the number of ’0’ in Lassociation;
18 initialize k by (23);
19 run balanced k-means clustering [9] to cluster the unassociated UEs with LG and
update Lassociation;
20 repeat
21 do the placement refinement by finding the minimum covering circle of each
cluster [10];
22 update Lcanduav using the centor point of each minimum covering circle;
23 update Lradius using the radius of each minimum covering circle;
24 update Laltitude by the relation fuction [3] using the corresponding radius in
Lradius as the input;
25 update the SINR value of each UE in LSINR by (6) and (12);
26 for i = 1 to N do
27 if Lassociation[i] == −1 ∨ LSINR[i] ≤ γth then
28 try to re-assocaite UE ui with another nearby UAV-BS and
update Lassociation if the SINR value exceeds γth;
29 if exist another one UAV can be re-assocaited by ui then
30 update Lassociation[i] and jump to line 36;
31 else
32 Lassociation[i] ← −1;
33 end
34 end
35 end
36 until all the uav locations in Lcanduav do not change;
37 if ∃e ∈ Lassociation, e == −1 or cannot pass any one of constraints from (15)
to (20) then
38 k = k + 1;
39 jump to line 19;
40 end
41 return Lassociation,L
cand
uav , and Laltitude;
this stage, the interference power cannot be obtained. Instead,
the initial association between the GBS to each UE will be
determined by the condition γi,G > γth, where γi,G is the
SINR without considering the interference. The number of
UEs having higher SINR values than γth is denoted as N
temp
G .
In addition, according to (13) and (17), we can obtain the
upper bound of NG by
NmaxG = BPr{γi,j > γth} log2(1 + γth)/cmin, (22)
where Bi,G = B/NG. Hence, we select NG =
min(N tempG , N
max
G ) UEs with the top values of the SINR to
associated with the GBS.
After finishing initial association of the GBS, the system can
determine the a preliminary number of UAV-BSs for clustering
UEs which is obtained by
k = ⌈(N −NG)cmin/Cˆmax⌉, (23)
where Cˆmax = max{min{Cˆj , Cj}|j = 1, 2, . . . , k} is the
maximum achievable data rate through the back-haul link of
each UAV. Note that Cˆj and Cj are derived by (2) and (10)
in a ideal case without fading and interference.
B. User Association Clustering
In the user association stage, the system makes each UE be
associated with a least one UAV-BS in a best-effort manner.
For UE ui, γi,j must be larger than the given threshold γth
so that ui can be associated with UAV-BS Uj . In general,
the allocated data rate ci and SINR γi,j of ui increase when
the distance ri,j between ui and Uj decreases. We consider
a variation of weighted assignment problem, Capacitated
Clustering Problem (CCP) [11]. The CCP is an NP-complete
decision problem and can be defined as follows.
Given a set of N UEs and a set of k UAV-BS (k < N ), let
ri,j be the horizontal distance between UE ui and UAV-BS
Uj (cluster centroid), ci,j be the allocated data rate of UE ui,
Cˆj be the back-haul constraint of UAV-BS Uj , and then find
k disjoint subsets of UEs so that the total horizontal distance
value of selected UEs is a minimum and each subset can be
assigned to a different UAV-BS whose back-haul constraint is
no less than the total horizontal distance value of UEs in the
subset. Formally,
min
k∑
j=1
N∑
i=1
ri,jδi,j , (P2)
s.t.
N∑
i=1
ci,jδi,j ≤ Cˆj , j = 1, 2, . . . , k,
k∑
j=1
δi,j = 1, i = 1, 2, . . . , N,
k∑
j=1
βj = k, j = 1, 2, . . . , k, j = 1, 2, . . . , k,
δi,j , βj ∈ {0, 1}, i = 1, 2, . . . , n, j = 1, 2, . . . , k,
where βj indicates whether UAV-BS Uj is deployed or not
and
δi,j =
{
1, if UE ui is assigned to UAV-BS Uj ;
0, otherwise.
According to the problem (P2), we can know that the
clustering technologies can be used to deal with the user
association problem. Note that ri,j in (P2) represents the cost
function for the clustering. We can substitute a customized
cost function for ri to obtain a different clustering result. In
this stage, we adopt a balanced k-means clustering [9] in our
proposed procedure.
C. Re-association and Placement Refinement
After the association stage, the system get k centroid points
of the generated clusters. If we treat the horizontal coverage
of each UAV-BS mapping to the ground as a ideal circle
and directly deploy each UAV-BS to the centroid point of
each cluster, the horizontal coverage radius of each UAV-BS
will be the horizontal distance from the centroid point to the
furthest UE of each cluster. However, the system using such
placement will cause a large overlapping coverage area. If the
overlapping coverage area becomes higher, it means that the
distances between different deployed UAV-BSs become short.
Such placement may leads serious co-channel interference
between the UAV-BSs. To alleviate the effect of the co-channel
interference, the first task of this stage, placement refinement,
will be used to refine the 2D location and coverage radius
of each UAV-BS. The procedure of the placement refinement
solves the minimum covering circle problem [10] in linear
time. After obtaining the minimum covering circle of each
cluster, the system recognized it as the candidate coverage of
each UAV-BS and the center of each minimum covering circle
will be the 2D candidate location of each UAV-BS.
The system then compute and record the SINR value of
each UE using the information of candidate coverage and
2D candidate location of each UAV-BS. Since the above
balanced k-means clustering and refinement does not handle
the communications constraints yet, we need to check whether
the demand of each clustered UE on data rates can be satisfied
in this stage. If not, it means that some UEs are too far away
from its associated UAV-BS and the SINR of received signals
can not exceed the threshold. In such a case, this kind of UEs
may be re-associated with another nearby UAV-BS and then
get the satisfied data rate. Hence, the second task of this stage
is to check the communications constraints of each UE and
re-associate all the unsatisfied UEs.
The last task of this stage is to judge whether the obtained
candidate placement is valid by checking the existence of the
unsatisfied UEs. If any unsatisfied UEs exist, it means that
the obtained candidate placement is invalid and the value of k
may be too small to satisfied the UE demand in the considered
scenario. The system will thereby do the whole procedure
of this stage repeatedly with k = k + 1 until the obtained
candidate placement is valid.
IV. SIMULATION RESULTS
The simulation including all compared approaches are im-
plemented in MATLAB R2017b. The simulation program is
executed on a Windows 10 server with an Intel(R) Core(TM)
i7-7700 CPU @ 3.60GHz and 8GB × 2 memory. We use
100 different artificial datasets as the input spatial information
and each dataset contains 600 to 1, 300 UE locations which
are arbitrarily distributed over a 1, 200× 1, 200 m2 area. We
consider the urban scenario and its environmental parameters
are (a, b, ηLoS , ηNLoS) = (9.61, 0.16, 1, 20) given by [1]. We
assume the maximum allowable path-loss of the UAV-BS to
the UE link is Lmaxhj,ri,j = 119 (dB). The other important
TABLE I
SIMULATION PARAMETERS
Parameter Value Parameter Value Parameter Value
PG 40 dBm Pj 20 dBm P
mmWave
G 30 dBm
α 6.5 cmin 10
6 bps N0 −174 dBm/Hz
hmin 20 m fc 2 GHz f
mmWave
c 28 GHz
hmax 400 m B 20 MHz B
mmWave 20 ∗ 100 MHz
γth 5 dB γ
mmWave
th 30 dB
simulation parameters and predefined constraints are presented
in Table I.
The simulation results are depicted in Fig. 2 and Fig. 3. We
choose one of input location data set to show the placement
results of the proposed approach in Fig. 2. Note that the
blue triangle is the GBS, black crosses are UAV-BSs, small
dots are UEs, and each dashed-circles is the coverage of the
corresponding UAV-BS. In this scenario, some very high dense
flash crowd events occurs around the following coordinates:
(0, 400), (500, 500), (500, 100), and (820, 200). We can see
that the proposed approach can provide a placement with
small overlapping coverage area. Unlike the conventional k-
means++ which cannot determine the value of k by the
algorithm itself, the proposed approach will automatically
determine an appropriate initial value of k according to
the input spatial information, environmental parameters, and
communications constraints. In this way, the system can save
a lot of computational costs (time and energy) on checking
the impossible value of k.
The result in Fig. 3 indicates that the proposed approach can
provide a significantly improved system sumrate comparing
with the one without using any UAV-BSs while serving
different numbers of UEs. It also shows that the considered
systems has a bottleneck of sumrate when more than 1300 UEs
locate in the serving area 1, 200×1, 200 m2. If N > 1300, the
system needs more UAV-BSs to fulfill the minimum data rate
requirement of each UE. However, such a situation leads to
significant co-channel interference and thus reduce the system
sumrate.
V. CONCLUSION
In this paper, we discuss how to deploy multiple UAV-
BSs for serving arbitrary flash crowds. The proposed data-
driven 3D placement algorithm can automatically determine
the appropriate number, location, altitude, and coverage of
each UAV-BS and then place the UAV-BSs in polynomial time.
According to the simulation results, the proposed approach im-
proves the system sumrate as well as guarantees the minimum
data rate requirement of each UE effectively.
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